Abstract Efficient use of energy is an important step toward enhancing the sustainability of agricultural systems. In this study, we evaluated the energy balance of grape orchards in Shahriar, Iran. We collected information of energy input and energy output in 120 grape orchards through face to face questionnaires. This information was further used to evaluate net energy, energy use efficiency, energy intensity, and energy productivity in these orchards. The total energy used in grape orchards was 31777 MJ ha
Introduction
Energy is the driving source in agroecosystem. In fact, agricultural systems are both, energy consuming and energy producers (Yilmaz et al., 2005; Cruse et al., 2010; . Therefore, the balance of energy between energy input and energy output in these systems plays an important role in their overall sustainability. Consumption of energy especially non-renewable energy in agriculture has been following an increasing trend in recent decades (Ozkan et al., 2004; Mohammadi et al., 2010; Fore et al., 2011) . Study of the flow of energy can provide useful information in order to enhance energy efficiency in these systems (Kaltsas et al., 2007; Mohammadi et al., 2014; Afshar et al., 2015) .
The energy balance of various agricultural commodities such as kiwifruit (Mohammadi et al., 2010) , olives (Kaltsas et al., 2007) , apples (Strapatsa et al., 2006) , and pistachio (Keshavarz Afshar et al., 2013 ) has been evaluated. There is little information about energy balance in grape (Vitis vinifera L.) orchards. Today, grapes are cultivated in a vast zone worldwide. Grapes are among the major horticultural commodities produced by Iran and this country is ranked 7th in the world for grape production. Therefore, efficient use of energy from this crop is highly important. Ozkan et al. (2007) , respectively. They found that fertilizers, electricity and farmyard manure had the biggest share in the energy input used in grape orchards.
The objective of this study was to evaluate energy input and output of grape orchards in Shahriar, Iran.
Materials and methods
In this experiment, in-farm flow of energy in grape orchards located in Shahriar, south west of Tehran Province, was evaluated in 2011 and 2012. The data of 120 grape orchards were collected through interviewing the farmers on specially designed and pre-tested questionnaire (Keshavarz Afshar et al., 2013) . These farms were randomly selected based on the stratified random sampling method. The size of each sample was determined using following equation (Yamane, 1967) :
where n is the required sample size; N is the number of holdings in the target population; N h is the number of the population in h the stratified; S 2 h is the variance of h the stratified;
; d is the precision where (xÀX); and z is the reliability coefficient (1.96 which represents the 95% reliability). The permissible error in sample size was defined to be 5%, and the sample size was calculated to be 238 for 95% reliability.
Energy balance was evaluated using the process analysis methodology (Fluck and Baird, 1980) . The study has accounted for energy used in crop production only (Keshavarz- . Data of all inputs including human labor, machinery, diesel fuel, electricity, chemical fertilizers, farmyard manure, pesticides, irrigation water and seed were accounted. The environmental sources of energy (radiation, wind, etc.) were not included in the analysis. System output was dry paddy and straw yield. Using standard energy coefficients (Table 1) , inputs and outputs were converted into their energy equivalents.
Energy inputs were further categorized into direct (human labor, electricity, diesel fuel and irrigation water) and indirect (chemical fertilizers and pesticides, manure, machinery and seed) energies. The inputs were also classified into renewable (human labor, manure, irrigation water and seed) and nonrenewable (diesel fuel, electricity, chemicals, and machinery) sources.
Energy balance was evaluated using the following indices (Keshavarz Afshar et al., 2013) 
Results and discussion

Energy input
The total consumed energy in grape orchards was 31776.6 MJ ha À1 (Table 2 ). The top three energy intensive inputs were nitrogen fertilizer, manure and water for irrigation, which had a share of 36%, 17% and 11%, of the total energy inputs, respectively. Hamedani et al. (2011) reported that total energy input used in grape orchards in Hamedan province of Iran was 45,213 MJ ha À1 in which chemical nitrogen fertilizer, farmyard manure, electricity and irrigation water were responsible for almost 82% of the total energy inputs in grape orchards of Hamedan province of Iran. Ozkan et al. (2007) also found that chemical fertilizers, Machinery, and human labor were major sources of energy input in grape orchards in Turkey. In their evaluation, total energy input in grape orchards in Turkey was estimated as 24,513 MJ ha
À1
. Our results showed that about 43% (13,538 MJ ha À1 ) of the total energy input in grape orchards was related to chemical fertilizers. Among the fertilizers, nitrogen possessed the biggest share by 36% proportion in the total energy input. Various rates of nitrogen have been reported for grape production in different regions. For example, Hamedani et al. (2011) and Ozkan et al. (2007) found that application rate of nitrogen in grape orchards in Hamedan province of Iran and Turkey was 202 and 62 kg ha À1 , respectively. A part of that difference in application rate of nitrogen among the regions is related to variation in use of farmyard manure application in these 
orchards. Energy inputs related to manure application in the current study were considerably high when compared to other agricultural commodities in Iran (Keshavarz Afshar et al., 2013) . Over application of chemical fertilizers, especially nitrogen, imposes negative impacts on environmental quality and human health, as well as on energy use efficiency. The human labor energy input employed in grape orchard was 1988 MJ ha À1 or 6% of the total energy used in the system (Table 2) . Human labor in the grape orchards is mainly used for covering the plants by soil in the fall and bringing them out of the soil in the following spring, manual harvesting, land preparation, weeding, irrigation and pruning. In fact because of traditional cultivation practices in this area (prostrate production) use of machines is hardly possible and all operations (except spraying) are usually performed by human force. Therefore, contribution of energy of machinery and diesel fuel in these orchards is considerably lower than other horticultural plants. Table 2 reveals that the contributions of diesel fuel and machinery in grape production both were about 6% of the total energy input, respectively.
Application of chemical pesticides in grape production was associated with 573 MJ ha À1 energy input (Table 2 ) which accounted for 2% of the total energy used in the orchards. Weeds usually are an important factor creating economic loss in grape orchards. In these regions weeds in grape orchards are mainly controlled by man force without application of any chemical herbicides. Trips (Thrips tabaci) and European grapevine moth (Lobesia botrana) are major problematic insects in grape orchards in this region, which are controlled using chemical insecticides once a year in late March. Also Erysiphe necator is considered to be the most important pathogen affecting grapes in the region which is controlled by fungicide spraying three times a year. Similar result has been reported for grape production in Hamedan province of Iran (Hamedani et al., 2011) .
Energy input related to irrigation water was responsible for 11% of the total energy input. In the studied area, the amount of water applied for grape production is roughly 5700 m 3 ha À1 . Shifting from traditional prostrate cultivation method to upright cultivation would allow farmers to implement the more efficient irrigation systems such as drip irrigation, which will cause a great reduction in the amount of irrigation water used and its associated energy consumption.
As shown in Table 3 32.7% of the total energy input in grape orchards was used in the form of direct energy whereas the share of indirect energy was 67.3%. Moreover, the share of non-renewable energy was also much greater than that of renewable energy (65.7% vs. 34.3%).
Energy output and energy balance in the system
The average yield of grape in this region was 17,192 kg ha À1 , which can be translated to 202,871 MJ ha À1 (Table 2) . Hamedani et al. (2011) , which is much lower than that in Iran.
Net energy, specific energy, energy efficiency, and energy productivity were considered to reflect energy balance in grape orchards in the current study (Table 4 ). Net energy and energy efficiency in grape orchards were calculated as 171,095 MJ ha À1 and 6.38, respectively. In an effort by Hamedani et al. (2011) , net energy and energy efficiency of grape were estimated as 174,525 MJ ha À1 and 4.95, respectively, which are close to findings by the current study. The energy use efficiency larger than unity implies that the output energy in the system was larger than energy input and system performed efficient in this regard. As shown in Table 4 , specific energy in grape orchards was 1.85 implying that 1.85 MJ energy input was used to produce one kg grape in this system. The energy productivity (the ratio of pistachio produced to the energy inputs in production) of grape orchards was also 0.54, indicating that 0.54 unit of output (grape) was obtained per unit of input energy. Compared to other horticultural products (Keshavarz Afshar et al., 2013) , it seems that energy is used relatively more efficient in grape orchards in this region. 
